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 Abstract 
First, this research aims at the analysis of economic 
measures with respect to the spread of passenger vehicles. 
Second, this research also aims at evaluating the impact of 
the tax incentive on emission volume, air pollution, and 
health effects in large Asian cities because air pollution is 
becoming a serious social problem. 
Figure 1 shows the structure of this research. The first 
chapter describes the two objectives of this research: 
vehicle-related systems improvement and policy 
evaluation in large Asian cities in tandem with 
motorization. The analysis of these objectives contributes 
to achieving air pollution measures that complement 
environmental and health goals. 
The second and third chapters consider the first objective 
of improving the vehicle-related tax system and focus on 
the gap between motorization and the tax system. The 
second chapter, specifically, focuses on a comparative study 
of vehicle regulations and systems. This chapter thus 
emphasizes the necessity of appropriate economic 
measures.  
The third chapter discusses what kind of vehicle-related 
tax would be efficient; it also describes how much impact 
such a tax would have on the two indicators, namely, the 
number of total registered vehicles and vehicle kilometer 
travelled (VKT).  
The fourth and fifth chapters focus on the second 
objective, that is, policy evaluation with regard to air 
pollution from vehicular sources and its effect on health. 
The fourth chapter shows if emission volume affects air 
quality and if air quality affects health. To measure the 
impact of the factors and their relation to one another, a 
correlationship analysis among emission, air quality, and 
health effect was conducted using the Japanese 
compensation system data. This chapter contributes the 
methodology of correlationship analysis to define data on 
health effects caused by air pollution.  
The fifth chapter applies the correlationship analysis 
among emission volume, air quality, and health effects for 
large Asian cities because there is a lack of long-term 
analysis of the health effects caused by air pollution in 
those cities.  
Integrating the two objectives of this analysis, namely, 
tax system modification and estimation of health effects, 
the sixth chapter is an attempt to simulate in Mumbai the 
tax incentive’s impact on health effect. 
 
1. Background and research purposes  
 With respect to the first objective, the passenger vehicle is 
of main concern because the demand for private vehicles in 
large cities is increasing more than the national average. 
With respect to the vehicle-related tax system in Asia, 
some countries impose a lump-sum tax at the acquisition 
stage and do not impose any ownership tax. The 
acquisition tax is based on vehicle sales price or vehicle 
age.  
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 Figure 1  Structure of this research 
 
 This tax system may be a disincentive for newer vehicle 
acquisition and may prevent the phasing out of older 
vehicles. A rational consumer will base a decision to buy on 
frequency and purpose of use, and on distance traveled in 
relation to the total maintenance cost. In order to change 
motorists’ behavior in large Asian cities, vehicle use should 
be controlled by changing the vehicle tax policy. The first 
research aims at the analysis of economic measures with 
respect to the spread of passenger vehicles.  
On the other hand, air pollution reduction and health 
effect mitigation are urgent problems requiring attention. 
Severe air pollution threatens human health and the gains 
to be had from future economic growth in Asian cities. The 
World Health Organization (WHO) suggested that the 
health impact of outdoor pollution is similar in Europe and 
North America, but Asia seems to differ in the nature of its 
air pollution and its health status due to many 
uncertainties. Epidemiologic research has provided 
estimates of the health effects from short-term exposure in 
many Asian cities. Despite this knowledge, uncertainty 
remains regarding some basic questions with respect to 
policy making. Table 1 shows air quality monitoring in 
large Asian cities using the 1990 WHO guidelines for 
criteria and the most recent data from the years 
2002–2005. Rapid motorization may negate the gains from 
air pollution reduction policies. The second research also 
aims at evaluating the impact of the tax incentive on 
emission volume, air pollution, and health effects in large 
Asian cities because air pollution is becoming a serious 
social problem. 
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Table 1  Air quality evaluated by WHO guideline 
in Asian large cities 
Latest Year（2002-2005）
1990
City CO NO2 PM10 O3 SOx Lead
Jakarta                1990 C B D C C C
Kuala Lumpur     1990 C C B C B C
Manila                  1990 D D D D B C
Bangkok              1990 B B E B B C
Ho Chi Minh City 1990 N.A. N.A N.A N.A. N.A N.A
Beijing                 1990 D D E C A B
City CO NO2 PM10 O3 SOx Lead
Jakarta                2004 E C E C D D
Kuala Lumpur      2004 C D D C B A
Manila                  2002 C E E D C B
Bangkok              2005 A D D B C B
Ho Chi Minh City 2002 C E E N.A. E E
Beijing                 2005 E E D N.A. C N.A.
A 50 % below from WHO guideline
B Within WHO guideline
C 200 % from WHO guideline
D 300 % from WHO guideline
E Over 300 % from WHO guideline
 
 
2. Vehicle related system in Asian countries 
The second chapter describes the vehicle-related system 
in Asian countries. To understand the general trend of 
vehicle-related systems that are current in Asian countries, 
four items of vehicle-related systems at national level in 
each country are compared. 
・Emission regulation 
・Fuel quality 
・Inspection system 
・Vehicle tax system 
The emission regulation schedule for new passenger 
vehicles and fuel quality will improve between 2012 and 
2016, with the spread of new vehicles in Asian countries. 
Though emission regulation will be enforced in a few years, 
fuel refineries may still not be producing the required 
standard of fuel. This type of mismatch is observed in 
China. Inspection intervals vary between countries. In 
addition, the present vehicle inspection system may not 
phase out older vehicles. Goals, tax level, and tax rate 
differ by country. China and Thailand offer motorists a 
reduction in tax level with improved environmental 
performance of their vehicles. The remaining countries 
tend to determine tax level by the asset value. When 
applied at city level, various tax levels are observed. 
This result suggests that the tax system should be used 
to promote a sustainable automotive society. Although 
motorization brings international technology into a 
country, the tax system may not encourage users to change 
their behavior toward vehicle use for the sake of better air 
quality. Each country needs to reform the vehicle tax 
system from an environmental perspective. 
 
3. Vehicle related tax system and its impact on vehicle 
usage of in large cities  
 The third chapter examines the effectiveness of tax 
incentives in reducing the environmental impact of private 
car use in 39 large cities from Organization for Economic 
Co-operation and Development (OECD) and 29 large Asian 
cities with the datasets of 1990 and 2002 in order to 
understand the relationship between tax incentive 
implementation and the number of registered vehicles and 
VKT, in general, at the large city level. An elasticity model 
of private car stocks and VKT is examined in relation to 
acquisition, ownership, and fuel taxes; the pre-tax user 
cost of cars; and income per capita. 
For international comparison, some assumptions for low 
fuel economy, high Purchasing Power Parity (PPP), and 
longer VKT are required. As a consequence, tax and user 
cost levels in Asian cities appear higher than in US and 
European cities. 
According to elasticity analysis in this research, fuel tax 
is the most effective incentive in OECD cities (-0.56) and in 
large Asian cities (-0.78). Acquisition and ownership tax 
are not found to be effective, which result differs from that 
of the literature survey on OECD countries. The result is 
not significant, however, because acquisition tax and 
ownership tax have high correlation with income variable, 
suggesting that acquisition tax and ownership tax are 
collected as a form of asset tax. When the elasticity model 
is estimated without the variables of ownership, user cost, 
and income, it is estimated significantly. 
This result indicates that a vehicle of lower economic 
value may be a higher emitter and shows the necessity of 
reforming the vehicle-related tax system to shift users’ 
emphasis from cost performance to environmental 
performance. 
 
4. Air pollution and health effect in large Japanese cities 
In the fourth chapter, the correlationship is revised with 
Japanese data in order to apply the model to large Asian 
cities in the fifth chapter. This chapter carefully chooses 
the methodology of correlationship analysis in terms of 
area, period, pollutant, air quality data, emission volume, 
and health effects. In order to capture the health effects 
caused by air pollution, the Japanese compensation system 
was examined. The incidence of certified patients, 
mortality, recovery, and newly registered is employed 
because the data represent respiratory disease caused by 
air pollution. Five Japanese cities (Tokyo, Kawasaki, 
Osaka, Amagasaki, and Kita Kyushu) were selected 
because they are main cities in Japan. 
The compensation system was launched in 1974 so that 
this analysis focuses on the years 1974–2007, for which the 
latest data are available. This period represents 33 years, 
which is suitable for a long-term analysis. An amendment 
made to the Japanese compensation system in 1988 clearly 
affects data trends so that the data are divided into the 
periods 1974–1988 (before amendment) and 1989–2007 
(after amendment). On the basis of the previous literature 
and its importance for health effects, NOx was selected for 
analysis. In order to include all the pollutants, Air Quality 
Index (AQI) data were also revised. 
The results of AQI confirm that PM and NOx are the 
main indicators from the viewpoint of health effects. 
Emission volume data for stationary and mobile sources 
were collected from only 23 Tokyo wards, 2 Kawasaki 
wards, and whole Osaka city because Amagasaki data 
were not available. Kita Kyushu was not a NOx-PM 
catchment area so that its emission volumes from mobile 
sources were not available. Annual averages for air quality 
data were collected from white papers published by each 
local government. Health effect data were collected for all 
5 areas: Tokyo (23 wards), Kawasaki (2 wards), Osaka, 
Amagasaki, and Kita Kyushu. 
The relationship between total emission and air quality 
is estimated to be significant. When emission increases, air 
quality worsens. When outliers are excluded (NO2 > 0.05 
ppm), the relationship is estimated significantly. Mortality 
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is estimated significantly. When air quality worsens, 
mortality increases.  (Figure 2) When the three outliers 
are excluded, the R2 and t-value are improved. Recovery 
data from the four areas varied widely so that these were 
not estimated significantly. When the outliers of Osaka 
and Kita Kyushu at the end of the 1970s and the beginning 
of the 1980s are excluded, the relationship between 
recovery and air quality is estimated significantly. The 
recovery data may affect certified patients; the number of 
newly certified patients is estimated significantly. When 
air quality worsens, the number of newly certified patients 
increases. These results confirm the applicability of the 
methodology and data adaptation for large Asian cities in 
the next chapter. 
0
5
10
15
20
25
30
35
40
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
N
um
be
r o
f m
or
ta
lit
y 
pe
r 
10
00
 c
er
tif
ie
d 
pa
tie
nt
s 
of
 4
 c
er
tif
ic
at
ed
 
ar
ea
s 
(p
er
so
n)
NO2 (ppm)
Kawasaki Osaka Amagasaki Kita Kyusyu
1974-1988
y=299.900x+11.781
(2.582)      (3.363)
Adjusted R2 = 0.098
1974-1988 with dummy
y=537.922x+15.707d-10.063
(5.520)      (6.049)  (-2.235)
Adjusted R2 = 0.468
 
Figure 2  Correlationship:NO2 and mortality  
 in Japanese 4 cities  (1974-2007) 
                                        (      ): t-value 
 
5. Air pollution and health effect in large Asian cities 
In the fifth chapter, the estimation methodology is 
applied to large Asian cities; but its application to 
analyzing the health effect caused by air pollution is 
limited, due to the absence of statistical data. This chapter 
also carefully chooses methodology involving analysis of 
the area, period, pollutants, air quality data, emission 
volumes, and health effects. 
 Twenty-four large Asian cities out of thirty-one cities were 
selected for the analysis. A capital city and other large 
cities were selected from each country on the basis of 
statistical data availability. These 24 cities are considered 
as rapid motorization cities according to economic and 
population growth. The period analyzed is the year 1990, 
then a span of years, that is, 1995 to 2007, for which the 
latest data are available. Air quality and emission volume 
data were collected from each country’s or city’s statistical 
yearbook. The air pollutant PM was selected because the 
reference value of PM is required for relative risk model. 
Since PM and NOx are correlated, PM was also confirmed 
as an alternative indicator. There were no available data 
on health effects caused by air quality; the only data 
available were for mortality caused by respiratory disease 
and circulatory disease. Mortality due to respiratory 
disease was selected for adaptation using the Japanese 
coefficient. The mortality caused by air quality is 
estimated by two models. One is correlationship. The other 
is the “relative risk” model. Both models can be used to 
estimate mortality caused by air quality. In order to 
estimate mortality due to respiratory disease using the 
relative risk model, it is necessary to estimate the 
coeffcient using the Osaka data. The Osaka data are 
adapted for the estimation of large Asian cities because the 
whole city comprises a certified area.  The amount of 
respiratory disease mortality caused by air pollution can 
be estimated from the data on mortality recorded in the 
compensation system and from data on total respiratory 
disease mortality. The result suggests that the use of 
relative risk in the application of the correlationship model 
allows for the estimation of respiratory disease mortality 
caused by air pollution (Figure 3). 
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Figure 3  Comparison of the results 
on estimation of respiratory disease mortality caused by 
air pollution for Asian large cities 
 
6. Simulation in Mumbai 
The sixth chapter is a simulation of a case study in order 
to apply a policy tax instrument and its impact on the 
number of registered vehicles according to age. Using data 
on the number of registered vehicles, this chapter is an 
attempt to estimate emission, air quality, and health 
effects brought about by changes in vehicle age. 
Mumbai is selected for the simulation because of its high 
passenger vehicle density, promising economic growth, 
severe air pollution, inefficient inspection system, and 
asset-based vehicle tax system. It is assumed that a newer 
vehicle pays a lower tax. A 1% reduction of the acquisition 
tax promotes a 4.73% increase of new passenger vehicles. 
The simulation in Mumbai suggests that a tax incentive 
would promote car replacement which would in turn 
enhance mortality rates: Replacement of old cars with new 
lessens the age of vehicles in use from 28 years to 17 years 
in 2030. Newer vehicle (age <1 years old) which share 9% 
in BAU scenario will be increased by 12% in 2030. Older 
vehicle (16–25 years old) which shares 8% in BAU scenario 
will be phased out.  When the emission factor is improved 
every 5 years, emission volumes decrease by 117 tons, air 
quality improves by 10%, and mortality is expected to 
decline by 7,800 in total during 2006–2031. 
 
7. Conclusion 
In most large Asian cities, passenger vehicles constitute 
more than 50% of all motor vehicles, which represents a 
higher rate than the national average. This concentration 
of passenger vehicles makes emission reduction from 
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passenger vehicles important. 
The first chapter clarifies two objectives and offers two 
possible solutions. First, the laws and system related to 
vehicle ownership should be reformed by each government 
with a view to passenger vehicles’ environmental 
performance, not their economic value. Second, a 
quantitative evaluation helps to support decisions on 
which policies/measures should be implemented. If these 
two solutions prove viable, both accessibility to passenger 
vehicles and health effects could improve. Hence, both are 
important factors for future economic development. 
The second chapter suggests that current vehicle-related 
systems may prevent the replacement of older vehicles. 
Emission regulation levels and fuel quality standards 
should play an important role as technical measures for 
in-use vehicles as well as new vehicles. This chapter 
summarizes the necessity to reform the vehicle-related 
systems by economic measures such as taxes in order that 
a rational consumer would prefer to replace an older 
vehicle with a newer one to reduce emission. With this 
mechanism, vehicle age could be a neutral indicator of 
economic and environmental value. If an older vehicle 
incurs a higher tax than a newer vehicle, the increase of 
the total maintenance cost may move consumers to acquire 
a newer vehicle. 
In the third chapter, the effectiveness of taxes is 
reviewed in terms of environmental behavior in the private 
passenger vehicle sector. The econometric analysis 
suggests that taxes on variable costs (fuel tax) have a 
greater impact on car ownership and use than taxes on 
fixed costs (acquisition and ownership tax) and that the 
former should be an effective way to reduce VKT and car 
stock. Elasticity analysis in OECD and large Asian cities 
suggests that acquisition and ownership tax policy does 
not decrease ownership. 
The fourth chapter verifies the quality of the Japanese 
compensation system data in order to apply these to large 
Asian cities. This chapter establishes a methodology of 
area, period, pollutant, emission data, air quality, and 
health effects by paying attention to historical events of 
the compensation system. The methodology is designed for 
application to large Asian cities. Some inverse 
relationships are observed but deletion of outliers yields 
significant estimation. Correlationship analysis among 
emission, air quality, and health effects using Japanese 
data suggests that NOx worsens in line with the increase 
of NO2. When NO2 worsens, mortality and newly certified 
patients increase according to the 1989–2006 data. 
The fifth chapter aims to verify the correlationship 
among emission volume (mobile sources and stationary 
sources), air concentration, and health effects in large 
Asian cities. For the estimation of long-term health effects, 
a relative risk model and correlationship model can 
estimate respiratory mortality caused by air pollution. 
This estimation is a first step to considering an alternative 
method by applying Osaka data to the estimation of all 
large Asian cities. The health effect information is 
important for policy makers to assess the effectiveness of 
policies/measures both current and future. 
The sixth chapter aims at simulating the effectiveness of 
tax incentive policies for passenger vehicles in Mumbai, 
India. The results show that air pollution can be reduced 
without reducing utility. Considering the reduction of 
mortality, a tax increase for older vehicles is a 
cost-effective measure. This simulation enables the 
analysis of motorization and health effects together. 
The research concludes that the vehicle-related system 
must lead to an adjustment in the owner’s behavior toward 
environmentally friendly car ownership in large Asian 
cities. The research emphasizes that environmental policy 
implementation needs to consider the impact due to the 
number of passenger vehicles in a large city. Economic 
development and a sustainable automobile society should 
be pursued together in large Asian cities by prevention of 
air pollution and health effects. 
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